Background: As perception have been recently highlighted as critical determinants of clinical trials (CTs) in cancer patients, we evaluated current perceptional status of CTs in cancer patients, focusing on differences between common and rare cancers.
Introduction
Clinical trials (CTs) have decisively contributed to new drug development for cancer patients in modern oncology, catalyzing therapeutic advances in the last decade (1) . In the era of CTs, perceptional parameters have been highlighted as a crucial determinant of CTs accrual based on a compelling relationship between awareness and subsequent willingness or participation in CTs (1) (2) (3) (4) (5) . Interestingly, actual accrual rates were still disappointing in cancer patients although they mostly harbored generally positive view of CT (1, 6) . These findings consistently suggested significance of collaborative education by research or public entities to raise patients' perception and motivation of CTs (1, 5, 7) .
Meanwhile, patients with rare cancers have been frequently excluded from conventional types of CTs due to their inherent barriers of small populations and minimal evidences of standardized treatments (8) (9) (10) . Necessarily, they have suffered from relative therapeutic deprivation compared with patients with common cancers, more obviously in case of young and adolescent patients (11) (12) (13) (14) (15) . However, with development of newer molecular targets and multi-omics, CTs have evolved into more intuitive and comprehensive forms (16) , and they particularly benefited patients with rare cancers by potentiating opportunities of enrollments (10, (17) (18) (19) (20) . In addition, several scientific and administrative initiatives recently launched their international collaborations to mitigate organizational hurdles of CTs in rare cancers (17, 18, 21) . Regardless of newly fostered milieu of CTs in rare cancers, perceptional aspects of CTs in patients facing rare cancers have been rarely explored thus far. (12, 14, 15) .
In the present study, therefore, we investigated current perception of CTs and their significant determinants in Korean cancer patients using the validated Public Awareness of Research for Therapeutic Advancements through Knowledge and Empowerment (PARTAKE) survey, and focused on differences between patients with rare and common cancers.
Material and methods

Patients collection
From November 2015 to May 2017, we prospectively surveyed cancer patients who received anti-cancer treatment at Asan Medical Center (Korea, Seoul). Patients were enrolled regardless of their stage, type, or treatment, with an attempt to include all of the patients with rare tumors.
All common and rare cancers were defined using the classification of the RARECARE study group (22) . Investigators initially explained the purpose and scope of the study either at the outpatient clinic or ward, and a well-trained clinical research assistant (CRA) administered the survey to patients who agreed to participate, after obtaining written informed consent. The questionnaires were collected by the CRA after completion by each enrolled patient at the time of the patient's next visit or before their discharge. Study-related medical records of enrolled patients were reviewed by an investigator for further analysis. The study protocol was reviewed and approved by the Institutional Review Board (IRB approval number: 2014-1061) of Asan Medical Center and was conducted in full accordance with the guidelines for Good Clinical Practice and the Declaration of Helsinki.
PARTAKE survey
The PARTAKE survey was devised to evaluate the status and structures of awareness (heard of) and perception (know about) of clinical research. It is composed of 40 multiple-choice and open-ended questions, classified in four different categories for assessing individuals' perceptions including trust in research entities, conduct of research, motivations for participation, and the value of clinical research. As described in our last survey study using PARTAKE (5) , it was extensively validated after its development by various methods including literature review and consultation with relevant experts. Additionally, we performed our own validation process before its virtual administration in December 2014, which included translation and then back-translation with the provision of additional written instructions for administering the questionnaire and minimizing selection bias. Other details of our methodology are as described in our last study (5) .
Statistical analysis
Descriptive statistics were used to demonstrate the patients' characteristics and to assess general outcomes of perception and participation in CTs. The chi-square or Fisher's exact test was applied to identify influential determinants of perceptional parameters including awareness, perception and willingness to participate in CTs among patients' clinical and demographic characteristics. Comparative analysis of awareness and perception between patients with common (common cancer group) and rare cancers (rare cancer group) was performed with the chi-square or Fisher's exact test based on the PARTAKE questionnaire. Additionally, perceptional outcomes of cancer patients were compared with general Korean public for a supplement. All statistical analyses were executed with SAS software (version 9.4, SAS Institute, Cary, NC, USA), and were performed by an independent statistician at our institute.
Results
Patients' demographic and clinical characteristics
During the study period, a total of 333 cancer patients treated at least once in the department of medical oncology in Asan Medical Center (Seoul, Korea) responded to survey. The median age was 59 years (range, 29 to 70), and approximately half (51.7%) lived in rural areas more than 2 hours apart from the hospital. Colorectal cancer (35.4%) was the most common type of cancer, followed by stomach cancer (15.6%) and sarcoma (11.4%). Rare cancers constituted about 30% of the cohort, and sarcoma made the largest portion of rare cancers group. Most patients experienced metastatic disease (73.9%), and about half were initially diagnosed with metastatic cancer. While 64.9% had experience of relapse or disease progression, 23.7% of patients presented with a curable stage of disease without relapse. Nearly all patients (97.0%) received chemotherapy at least once, and more than half of the patients received at least two lines of chemotherapy. More than 70% of the patients in the cohort received surgical treatment regardless of the aim, which included 32.7% of palliative surgery.
In the comparison of common and rare cancers, significantly more of patients with common cancers experienced metastatic disease. Accordingly, common cancer group more frequently exposed to chemotherapy including two or more lines of treatment. Incidence of prior enrollment in CTs was also significantly higher in common cancer group (21.8% vs 12.4%, p=0.047) ( Table 1) .
Current perceptional status and influential factors of CTs in patients with common and rare cancer
In the cohort, 87.7% and 75.3% of respondents answered they had heard of and knew about CTs, respectively, and 55.6% expressed willingness to participate in CTs. These perceptional parameters were significantly inter-correlated (p <0.001, data not shown), and were consistently related to prior enrollment in CTs. In particular, patients' willingness was even more strongly influenced by awareness and perception, as well as their prior enrollment experiences (Table S1 ). Patients with common cancers showed significantly higher levels of awareness and perception (79.9% vs 64.2%, p=0.003 and 91.9% vs 77.3%, p<0.001), as well as willingness to participate in CTs (58.9% vs 47.4%, p=0.06) than those with rare cancers ( Table 2 ). Regardless of generally favorable perceptions, the majority was not heard of or knew about ongoing CTs for their type of cancer, which was more obvious in rare cancer group (p=0.006). Most patients also did not know other patients with experience of participation in CTs, and only about a third of the patients had experience of being encouraged or advised to participate in CTs.
Except for the cancer type, perception and awareness were not affected by most of the variables in both common and rare cancer groups. However, willingness was significantly influenced by disease status and experience of metastasis (p<0.01), and higher education level also showed statistical correlation with willingness (p=0.05). (Table 3 )
Comparison of perceptional parameters between patients with common and rare cancers using the PARTAKE survey
A comparative analysis was performed to further evaluate whether there are perceptional differences regarding CTs between common and rare cancer groups using the PARTAKE survey ( Table 4 ).
Value and motivation
Most respondents agreed about the social and scientific benefits of CTs but it was better perceived by patients with common cancers (V1, V3, V5). The most important reason for participation was personal medical benefits from CTs (68.8%), followed by trust in investigators (33.3%) in both common and rare cancer groups. In contrast, concern about safety (61.4%) and fear of CTs (31.0%) were the two most concordant reasons for refusal. Notably, 40% of patients with rare cancers do not believe or do not know if enrollment in CTs is entirely voluntary, and 14.8% and 14.5% of patients answered that they would refuse CTs because of the lack of enrollment opportunities and sufficient knowledge, respectively. Although there was no demonstrable difference between patients with common and rare cancers regarding these reasons, patients with rare cancers were more frequently motivated by altruism, and negatively affected by fear and ignorance than the patients with common cancers (Figure 1 ).
Compliance and Trust
About half of the patients answered that the researchers would guarantee safety (C5) and provide adequate information during the conduct of CTs (C4). However, the majority did not have proper concept of reward from their participation in CTs and adverse events (C1, C2).
Medical doctors were most trusted sources of credible information related to CT in both common and rare cancer groups. Meanwhile, pharmaceutical companies and the media were significantly more trusted by patients in the common cancers group, whereas government was more trusted by the rare cancer patients ( Figure 2 ). Patients were highly dependent on their investigators for deciding enrollment in CTs, but they generally did not consider their physicians as compelling them to participate in CTs (T5), and most respondents trusted that doctors would not exclude them from an optimal treatment opportunity even after the refusal of CTs (T4).
Comparison of perceptional parameters in cancer patients and the general public
Comparing with our previous study in the Korean general public(5), perceptional parameters were significantly more favorable in cancer patients than in the general public (Table S2 ).
Cancer patients better acknowledged the medical, scientific and social needs of CTs in terms of newer drug development than the general public, while the public exhibited greater concerns about the issues of safety and confidentiality, as well as the information and rewards provided (Table S3 ). However, clinical benefit was the most important reason for enrollment in CTs in both groups. Meanwhile, cancer patients were more influenced by trust in their investigator (33.2% vs 18.0%, p<0.001), whereas the general public was more influenced by private financial and intellectual interests from CTs (31.8% vs 4.5%, p<0.001) ( Figure S1 ).
Discussion
Present study depicts the current favorable perceptional status regarding CTs in Korean cancer patients with high levels of awareness and perception. However, willingness of participating in CTs was only comparable rather than favorable although it was significantly correlated with awareness and perception. Willingness was also strongly correlated with previous experience of enrollment, more obviously in rare cancer group.
The salience of our investigation lies in further comparison of these perceptional parameters between the patients with common and rare cancers, which surprisingly reveals generally less positive perception and willingness of CTs in patients with rare cancer patients. Comparative analysis of the results of the PARTAKE survey additionally alludes a tendency of more widespread ignorance, mistrust and hesitance with fear of CTs in rare cancer group. In addition, substantial patients of rare cancer group exhibited indifference or mistrust about voluntariness of participation in CTs, which might hinder their access to CTs. This gives a sobering message of a challenge that we should make further enrichment of willingness as well as perception of CTs in patients with rare cancers. They need to be properly educated and encouraged to feel safe and confident of CTs, and then should be exposed to expanded opportunities for enrollment.
Our study suggests a substantial gap between perception and knowledge about CTs in cancer patients despite generally improved perceptional status. To our surprise, more than half of the cancer patients were not aware of currently ongoing CTs for their own diseases, and this was more prominent in rare cancer patients. Accordingly, nearly 15% of all cancer patients would refuse CTs for the lack of adequate information or opportunity of enrollment. Considering that cancer patients were greatly influenced by their investigators and the information they provide when deciding enrollment, investigator's efforts for informing and motivating their patients to participate in CTs could primarily contribute to narrowing this gap.
There is an inevitable methodological limitation of a single center study. However, perceptional outcomes in our cohort generally accorded with other similar studies (2-4, 6, 11, 23, 24) . Also, given that our institute places one of the largest tertiary cancer centers in Korea with a high volume of CTs, and that it is the latest study investigating perceptional aspects of CTs in cancer patients, the study might promptly provide updated insights on CTs. Accordingly, we observed incremental progress of perceptional status toward CTs in cancer patients compared with several previous Korean and other studies (1) (2) (3) (4) .
Current study arouses timely focus on the rare cancer population, which might be another illuminating part of the study. Newly developed CTs designs based on the advancement of sequencing technologies have broadened opportunities of CTs in patients with rare cancers(19, 25) . Accordingly, numbers of currently registered and ongoing CTs for rare cancers on ClinicalTrials.gov have decently increased compared with last three decades (Table S4) (14, 20, 26) . However, we do not exactly know what make patients with rare cancers participating in CTs and what make them refraining from it. Relatively unfavorable perceptional status with less willingness observed in the study should be reminded by research entities to construct more successful strategy of CTs in patients with rare cancers. Furthermore, organized efforts for rare cancers should be steadily continued to overcome perceptional obstacles lying in rare cancers (27) (28) (29) .
In summary, our study demonstrates recent perceptional advancement but also illuminates current unmet need of CTs in cancer patients by revealing relative perceptional poverties in patients with rare cancers. Perception may possibly shape behavior(5), but it could not alone guarantee the success of CTs in cancer patients, especially for the rare cancers. Therefore, in order to convert patients' perceptions to genuine voluntariness in the era of CTs, it seems necessary to enrich knowledge and willingness of CTs through further education and encouragement by research and public entities, which might be more critical to populations suffering rare cancers. Finally, we should consistently pursue the optimal chances of CTs enrollment for benefiting patients with both rare and common cancers. This would lessen longlasted therapeutic gap between common and rare cancers, and we might eventually step forward to a newer trajectory of cancer treatment. 
